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The Fundamentals of Wi-Fi Antennas 


In addition to Hertz, which is a unit of frequency, radio waves are sometimes 
referred to in terms of their length by using the term “wavelength.” As you 
likely realize, the terms Hertz and wavelength are mathematically related, 
and the formula below is commonly used to define that relationship. 


wavelength (in meters) = 300 / frequency (in MHz) 


For example, a frequency of 14.300 MHz has a wavelength of 20.979 meters. 
This relationship between frequency and wavelength is especially important 
to antenna design because the wavelength of a frequency is used to 
calculate many of the dimensions of an antenna’s design. 


Dipole Antennas 


One of the simplest antennas is called a “half-wave dipole,” is a total of 1⁄2 
wavelength long, and is constructed of two halves, each of which is % 
wavelength long. Each of the two halves is fed by a separate conductor in the 
feedline. 


For the same 14.300 MHz frequency as previously mentioned, a dipole would 
theoretically be 10.4895 ( % of 20.979) meters from end to end, and would 
consist of two elements, each 5.24476 meters long. Note, however, that 
antennas are not always constructed exactly according to the calculated 


TNE OTe ti gi aS 


The pho Welcome to All About Circuits! 


digital te We're a global community of 400,000 Electronics Geeks 
share re AAC is community-driven, with Projects (/Awww.allaboutcircuits.com/projects/), 
Electronics Textbooks (//www.allaboutcircuits.com/education/), and a Forum 


(//forum.allaboutcircuits.com) with 1M posts. Join us now and be entered in our 
next free product giveaway! 


https://www.allaboutcircuits.com/technical-articles/wi-fi-antennas-part-1-fundamentals/ 4/8 


3/8/2018 


The Fundamentals of Wi-Fi Antennas 


The radiators are made from steel wire cut from a common coat hanger and 
connected to the coaxial transmission line with steel nuts and bolts. A small 
piece of perfboard is the center insulator and the structural base for the 


assembly. And yes, despite the antenna’s crude construction, it does receive 
HDTV signals from stations up to 20 miles away while hung on the back of 
the television four feet off the ground. (You should be able to calculate the 
operating frequency from the information given in this article.) 


Antenna Polarization 


The orientation of an antenna with respect to the earth's surface is called its 
"polarization." Those that are intended for their radio waves to be oriented 
primarily parallel to the earth's surface are said to be "horizontal," and those 
that are intended for their radio waves to be oriented primarily at a right angle 
to the earth's surface are said to be "vertical." 


Some antennas, like the dipole pictured above, can be used in either 
polarization simply by changing the position. In the orientation shown above, 
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mix of polarizations within a system, or when the polarization of some 
antennas is unknown, circular polarization is sometimes used to maximize 
compatibility. Wi-Fi antennas are almost always vertically polarized. 


Antenna Gain 


As previously stated, antennas transmit (and receive) radio waves better in 
certain directions, thereby increasing the effective radiated power (ERP) in 
those directions. Note that the total radiated power is not increased, but is 
merely stronger in one or more directions, and is weaker in other directions. 
Even a simple horizontal dipole has gain in two directions: parallel to its 
radiators on both the “front” and “back” sides. 


This increase in ERP is called “gain,” and applies to both transmitted and 
received signals. The unit of measurement most often used to quantify gain is 
the decibel, or dB, which is based on the Bel, which was named in honor of 
Alexander Graham Bell. If you want to understand how to calculate Bels and 
decibels, you are on your own since that is outside the scope of this article. 
Suffice it to say that the higher the dB rating of an antenna, the more gain it 
supposedly has. 


In addition to the dB, there is another unit that is used to describe antenna 
gain: the dBi, or decibel isotropic. An isotropic source is a theoretical antenna 
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Wi-Fi Frequencies 


There are five different bands used for Wi-Fi transmissions: 2.4GHz, 3.6GHz, 
4.9GHz, 5GHz, and 5.9GHz. How the bands are used varies from one 
country to another. The most widely used is the 2.4GHz band and will be the 
focus of this article, but the general principles are applicable to all bands. 


The 2.4GHz band extends from approximately 2.4GHz to 2.5GHz; thus, the 
approximate center of the band is 2.45GHz, and is the frequency that will be 
used for the calculations that follow. 


The formula presented above 


wavelength (in meters) = 300 / frequency (in MHz) 


can be conveniently converted to the following. 


wavelength (in millimeters) = 300 / frequency (in GHz) 


Thus, the wavelength of a 2.45GHz signal is 122.45 mm. A dipole at 2.45GHz 
is 61.22 mm from end to end, and each of the two halves is 30.61 mm. For 
those of you who are accustomed to working in inches, a dipole at 2.45GHz 

is 2.41” from end to end, and each of the two halves is 1.205”. No matter 
which units you use, the elements are quite small in the 2.4GHz band, and 
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Although it may not be immediately evident, the antenna is a dipole. One half 
of the dipole is the white wire that protrudes to the left, and the other half of 
the dipole is the metal cylinder. Each half is electrically insulated from the 
other, and is approximately 1⁄4 wavelength long. Similar antennas have a gain 
of about 2dBi, and exhibit a relatively circular radiation pattern. 
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In both cases, the wire feedline exits from the bottom of the antenna to 
connect to the Wi-Fi radio transceiver. The feedline is a coaxial cable with an 
inner conductor and an outer braided shield; a clear plastic cover encases 
the feedline. This particular feedline is often used for Wi-Fi devices because 
of its small size and relatively low RF losses; it is designated RG-178. 
Coaxial feedlines are often referred to as "coax." 


The other end of the coax is connected the router, as shown below. Note that 
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